
REMARKS 

In view of the above amendments and following remarks, reconsideration and 
further examination are requested. 

In section 4 on page 2 of the Office Action, the Examiner objected to the disclosure 
because it is unclear as to what "FT-IR" stands for. In response to this objection, it is 
hereby stated that "FT-IR" stands for Fourier Transform Infrared Spectroscopy. In support 
of this, providedherewitharecopiesof pages 636-639 of a text entitled ENCYCLOPEDIA 
OF CHEMICAL TECHNOLOGY. Please see from the bottom of page 636 through page 
637. 

In response to section 5 on page 2 of the Office Action, the specification and 
abstract have been reviewed and revised to make editorial changes thereto and generally 
improve the form thereof, and a substitute specification and abstract are provided. No new 
matter has been added by the substitute specification and abstract. Also, enclosed is a 
"marked-up" copy of the original specification and abstract to show changes that have 
been incorporated into the substitute specification and abstract. The attached pages are 
captioned "Version With Markings To Show Changes Made. " 

By the current Amendment, claims 1-8 have been cancelled and claims 9-29 have 
been added. New claims 9-29 have been drafted taking into account the 35 U.S.C. 112, 
second paragraph, rejection as expressed in section 7 on page 3 of the Office Action, and 
claims 9-29 are believed to be free of each of the 35 U.S.C. 112, second paragraph, 
issues raised by the Examiner. 

The instant invention pertains to an apparatus for treating a waste gas containing 
fluorine-containing compounds. With reference to Figure 1, in accordance with a first 
aspect of the invention the apparatus comprises a solids treating device 1 for separating 
solids from a waste gas, an addition device for adding a decomposition assist gas to the 
waste gas leaving the solids treating device, a thermal decomposition device 3 for 
thermally decomposing the waste gas to which the decomposition assist gas has been 
added, and an acidic gas treating device 5 for removing acidic gases from the thermally 
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decomposed waste gas. The thermal decomposition device 3 is packed with y- alumina 
heated at 500° C to 1000°C. Claim 9 is believed to be representative of this aspect of the 
invention. 

In accordance with a second aspect of the invention, the apparatus further 
comprises an air ejector 7 for controlling pressure in each of the solids treating device 1 , 
the thermal decomposition device 3 and the acidic gas treating device 5. When a waste 
gas passes through the apparatus, a pressure for passing the gas is required to be 
elevated because of each of the devices 1 , 3 and 5 contains therein some structure which 
obstructs flow of the gas. However, if pressure in the apparatus is inappropriately elevated, 
a waste gas may not flow through the apparatus or may flow away from the apparatus. In 
order to prevent such problems, gas flow is adjusted by the air ejector 7 so as to 
appropriately control pressure in the apparatus. Claim 29 is believed to be representative 
of this aspect of the invention. 

In accordance with a third aspect of the invention, the apparatus further comprises 
an FT-IR analyzer for monitoring treated gas exiting from the acidic gas treating device 5 
so as to control emission density of the treated gas. Specifically, the analyzer is installed 
for monitoring composition of the treated gas so as to determine degree of deterioration 
of the 7-alumina duhng a decomposition reaction. For this purpose, the FT-IR analyzer is 
the best analyzer to be used in the apparatus of the present invention. Claims 24-27 are 
believed to be representative of this aspect of the invention. 

In accordance with a fourth aspect of the invention, the apparatus further comprises 
a bypass valve 8 such that waste gas can be directly conveyed to a discharge line without 
being first conveyed to the solids treating device 1 . Accordingly, even if a problem arises 
in the apparatus, a fluorine-containing waste gas can be discharged from a semiconductor 
fabrication plant by actuating the bypass valve 8. Claim 28 is believed to be representative 
of this aspect of the invention. 
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The invention in accordance with the first, second, third and fourth aspects of the 
invention are not believed to be disclosed or suggested by EP '388 or EP '648, either 
taken alone or in combination. 

The Examiner rejected claims 5-8 under 35 U.S.C. 103(a) as being unpatentable 
over EP '388 in view of EP '648. This rejection is respectfully traversed and the references 
relied upon by the Examiner are not applicable with regard to the newly added claims for 
the following reasons. 

With regard to former claim 5, which generally corresponds to new claim 9, the 
Examiner took the position that EP '388 discloses the basic apparatus as claimed except 
for the specific type of alumina in the thermal decomposition unit 76. The Examiner thus 
relied upon EP '648 for a teaching that one having ordinary skill in the art would have 
found it obvious to substitute an y-alumina for the alumina 1 1 of the EP '388. This position 
taken by the Examiner is respectfully traversed as follows. 

While EP '648 does disclose y-alumina, this y-alumina is a raw material from which 
a catalyst Is manufactured, but EP '648 does not express that the catalyst itself is of y- 
alumina. Please see page 4, lines 6-8 of EP '648. Indeed, none of the twenty catalysts 
disclosed on pages 6-9 of EP '648 express that the catalyst is y-alumlna. Accordingly, 
because EP '388 does not disclose the catalyst 1 1 thereof to be y-alumina, and because 
EP '648 also does not disclose an y-alumina catalyst, any combination of these references 
would not result in the invention as recited in former claim 5 and new claim 9. Accordingly, 
claim 9 is not obvious over a combination of EP '388 and EP '648. Thus, claims 9-29 are 
allowable over a combination of these references. 

With regard to former claim 7 and new claim 29, even though EP '388 discloses a 
device 59 for adjusting pressure of the apparatus, device 59 is a blower and not an "air 
ejector" as recited in these claims. Having the device for controlling pressure in the 
apparatus be an air ejector instead of a blower is significant in that an air ejector is 
resistant to erosion caused by exposure to a fluorine-containing mist. Additionally, with use 
of an air ejector it is possible to easily and flexibly control pressure in the apparatus, as 
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compared to using a blower. EP '648 also does not disclose an air ejector, and 
accordingly, because neither EP '388 nor EP '648 disclose or suggest an air ejector, claim 
29 is patentable in its own right over a combination of these references. 

With regard to former claim 7 and new claims 25 and 26, while EP '388 does 
disclose a device for monitoring or controlling treated gas, this device is a gas 
chromatography device and is not an "FT-IR" analyzer. An, FT-IR analyzer is significant 
because it is useful for measuring multiple components at a single time and can easily be 
operated to conduct real-time measurements. Accordingly, an FT-IR analyzer is more 
suitable for monitoring the deactivation degree of a catalyst used in a treating apparatus 
than is a gas chromatography device as disclosed in EP '388. EP '648 also does not 
disclose or suggest an FT-IR analyzer, and accordingly, claims 25 and 26 are each 
patentable in its own right over a combination of these references. 

Finally, new claim 28 recites a bypass including a bypass valve such that waste gas 
can be conveyed to a discharge line without entering the solids treating device. Such a 
bypass is not taught or suggested by either of EP '648 or EP '388, and accordingly, claim 
28 is patentable in its own right over a combination of these references. 
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In view of the above amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and an arly Notice of Allowance is 
earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain 
which must be resolved before the application can be passed to issue, the Examiner is 
invited to contact the Applicants' undersigned representative by telephone to resolve such 
issues. 



JMG/adb 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
January 3, 2003 



Respectfully submitted, 



Yoichi MORI et al. 




Joseph M. Gorski 
Registration No. 46,500 
Attorney for Applicants 
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METHOD AND APPARATUS FOR TREATING A WASTE GAS 
CONTAINING FLUORINE -CONTAINING COMPOUNDS 

BACKGROUND OF THE INVENTION I 

This invention relates to ^K©' treatment of a waste 
gas containing fluorine- containing compounds. More 
particularly, it relates to a method and an apparatus for 
efficient treatment of emissions from semiconductor 
fabrication^ plant s , particularly from jafe steps of dry 
cleaning xi(k inner surface of* a fabrication apparatus 
and etching various kinds of deposited films with 
perf luorocarbons (PFCs) and halqgenated hydrocarbons such 
as CjF^, CaFg, CHFa, SFg and NFj^ said waste gases c o ntaii>in g 
not only PFCs but also oxidizing gases such as Fj, Clj and 
Brj, acidic gases such as HF, HCl, HBr, SiF^, SiCl^, SiBr^ 
and COF2, as well as CO. 

Semiconductor fabrication plants use many kinds of 
harmful gases that can potentially pollute the' environment . 
PFCs contained in waste gases that typically result from 
J^llC etching and CVD steps are suspected of . cauising global 
w u-Liiiug ^and it is urgently needed to establish an effective 
system for their removal. : | 

Various breaking and recovery techniques have 
heretofore been proposed for PFC; removal. Catalytic 
thermal decomposition is one of the breaking techniques and 
uses versatile compounds such as Pt catalyst,, izeolite-baseA 
catalysts, activated charcoal, activated alumina, alkali 
metals, alkaline earth metals and metal oxides. However, 

none of these catalytic compounds have proved completely 

t 

satisfactory. oc ' 

"The te gases discharged from t}ie semiconductor 
fabrication process contain not only PFCs ^ but also 
oxidizing gases such as Fj, Cl^ and Br^, acidic gases such 
as HF, HCl, HBr, SiF<, SiCl^, SiBr< arid COF^, as well as CO; 
however, no method has yet been establiished that can 
realize a thorough and effective treatment of these harmful 
gases. 

If one wants to treat oafidizing gases such as Fj, Clj 
and Br^ by a wet method, thorough treatment cannot be 
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' achieved by fe- h tj- sol - e use of water^ If alkali agents or 
reducing agents are also used, not only process control but 
also tfeffe treatment apparatus becomes complicated and, in 
addition, ^^f^ cost of treatment increases. 
5 To remove CO, it has to be decomposed with oxidizers 

such as those based on Gu or Mn. ; As for PFCs, it has been 
proposed to use alumina as an agent for removing them 
(Japanese Patent Public Disclosure No. 286434/1998 ) ^ and 
this method is characterized by contacting CjFg with 
10 molecular oxygen. However, the lifetime of alumina is very 

OPTS 

short and tfe€ throughput or t;»e amount of CjFg that can be 
treated for 100% decomposition is only 4.8 L/L» wBtttP^B? 
ro©3?e, no effective way has been proposed to deal with .CO 
that occurs as a by-product of C^F^ decomposition, c4;driai 
15 leas for oxidizing gases and acidic gases that occur 

concomitantly with PFCs . 

SUMMARY OF THE INVENTION ; 

The present invention has been accomplished under 
these circumstances and has as an object providing a method 

20 for treating was^j^gases containing fluorine -containing 
compoji^ds^w^ig^h^achi^es high percent decomposition of 
PFCsr whioh proves^eff ective for a prolonged time and whiiLh 
simultaneously realizes effective removal of oxidizing 
gases, acidic gases and CO that are contained in the waste 

25 gases. 

Another object of the invention is to provide an 

,1 

apparalnis for implementing this method. 

Tfte first object of the invention can be attained by a 
method for treatment of a w^s^ gas containing' f luorine- 

30 containing compounds whic^-compr is esl the ' otopo of . separating 
ptS solids from the waste gasT adding and/or H^O^ or Hj 
and/or H^O and Oj^as a decomposition assist gas* thermally 
decomposing the waste gas by contact with y-aiumina ^t^" 
usually at 500 - 1000°C, preferably^ 600 - 900^*0, *more 

35 preferably^ 700 - 900**C, and removing acidic gases from the 
decomposed waste gas . 

In this method, the waste gas containing fluorine - 
containing compounds may be a waste gas from a semiconductor 
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fabrication process that contains not only perf luorocarbons 
and fluorinated hydrocarbons but also oxidizing gases, 
acidic gases and CO. 

'yi5e second object of the invention can be attained 
5 by an apparatus for treatment of a waste gas containing 
fluorine -containing compounds^ whiclS?c^prises a solids 
treating -flfteefts for separating solids from a waste gas 

containing fluorine-containing compounds* an addition ^mearis 
for adding Hj and/or HjO jor H2 and/or HjO and Oj * as a 
10 decomposition assist gas to the waste jgas leaving the solids 
treating ■ meana , a therrnax^ae compocin g menus that is packed 
with Y-alumina heated at 600 - 900°C^and which thermally 
decomposes the waste gas to which the deconroosJ^ion assist 
gas has been added? an acidic gas treating mear^ for 
15 removing acidic gases, from the thermally decomposed waste 
gas, and channels^for connecting these «©aii» in sequence. 

In this treatment appa^^us^, . a water scrubber may be 
used as the solids treating -meefws or the acidic gas 
treating meaiiir. This treatment apparatus may have not only 
20 an air ejector capable of adjusting pressure in the 

apparatus through which the waste gas passes ^but also an 
FT-IR analyzer for controlling emission density of 
treated gas . 

first step in the method of the invention for 
25 treating a waste gas containing fluorine-containing 
compounds is passing the waste gas through , a solids 
treating moQ ft s such as a water scrubber. The fecit gas is 



passed through a thermaf^ ^^ o o^p?odS g^4ftea^s packed with 
Y- alumina heated at 500 -lOOO^C, preferably 600 - 900°C, and 
more preferably 700 - 900*^0 , with and/or HjO^or Hj and/or 
HjO and ^being added as a decomposition assist gas, so 
that PFCs, oxidizing gases and CO are completely decomposed 
into acidic gases and COj . -?J»e G^ene^gted acidic gases are 
removed with an acidic gas treating BA^ane such as a water 
35 scrubber. v \ L j . 

The Invention may inoorporato not only an air ejector 
capable of adjusting tjus* pressure in the apparatus through 
which the waste gas passes^but also an FT-IR analyzer for 
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controlling yt(B emission density of ^Ke treated gas. 

BRIEF DESCRIPTION OF 'JHE ■ DRAWING 

Fig. 1 is a flo\^s^eXt for t^ waste gas treatment 

apparatus of the invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

^The present invention is described below in detail. 

In tife first step, a waste gas containing PFCs , oxidizing 

gases, acidic gases and CO is 'passed through a solids 

treating flaemte such as a water scrubber in order to remove 

10 not only t^ solids such as SiO^ in the waste gas but 

also Si compounds such as SiF,, SiCl^. and SiBr. that may n 

potentially solidify in tpk thermal dennrnpTOtng moans ^ 

next stage. If the waste gas is directly introduced 

into the thermal d o compoging moans without being passed 

15 through the solids treating -^^n^, clogging or other 

blocking problems will occur, potentially preventing the 

A CX 
waste gas from smoothly flowing through pte packed y 

alumina layer. KtS performance of y-alumina may also 

deteriorate^.^ By passing the waste gas through the solids 

20 treating -means , solids and JJi^ acidic gases containing 

Si compounds are removed^ whereas part of oxidizing gases 

such as Fj, Clj and Br^ as well as all volumes of PFCs and 

CO are discharged. » 

The waste gas emerging f rom t^e solids^^treating HB^a&e 
i25 is ^^d^troduced into the thermaii ^ & t jS8i'uiJUJ L Jiu g raoanc so 

that is decomposed through contact with y-ai^iniina heated 
at 500 - 1000°C, preferably 600 - 900**C, more preferably 700 
- 900*0. On this occasion, and/or H^O; or Hj and/or HjO 
and Oj are added to the waste gas as a decomposition assist 
30 gas so that J*tfe components of the waste gas are decomposed 
into acidic gases and COj according to the following 
reaction schemes : 

CF, + 2H2 + O2 -> CO2 + 4HF 

CF, + 2H2O CO2 + 4HF 

35 F2 + Hj -> 2HF 

2Fj + 2H2O -> 4HF + O2 

2CO + O2 2CO2 
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Thus, PFC reacts with Hj and or H^O to be decomposed 
into CO2 and HF. Acidic gases such as react with Hj or 
HjO to be decomposed to another acidic gas HF. Carbon 
monoxide (CO) is oxidized to CO^. 
5 As for PFC, H2 or H^O is added in moles at least equal 

to the moles necessary for tKe F atoms in the PFC to be 
converted pt HF-^and is added . in moles! at least equal 
to the moles necessary for tfx6 C atoms in the PFC to be 
converted ^Jii CO2. Preferably, O2 is added in moles which 
10 are at least equal to the sum of one mole and the above- 
defined minimum number of moles. As for oxidizing gases, 
Hj is introduced in moles at least equal to the moles 



necessary for ^e halogen atoms (X) in tjpfe^ oxidizing gas to 
be convert ed^^*^ an acidic gas (HX). . _ ■ . 

15 The waste gas leaving the thermal dQComposjLng raeems- 

only contains acidic gases (HX) and CO2. and by 

subsequent treatment .with an acidic gas treating ^neaae such 
as a water scrubber, acidic gases are completely 
removed . 

20 -The ^umina to be used in the invention may have a y- 

crystalllne structure without a uniform pore distribution. 
While the shape of the alumina is not limited in any 
particular way, spheres aire easy to handle and, hence, 
preferred. To -^e extent that will not unduly increase t)x^ 

25 resistance to -^Ke passage of the waste gas, y^d^ particle 

size of Y-alumina should be as small as possible, preferably 
between 0.8 mm and 2,6 mm. The y-alumina may be held at 
between SOO^'C and 1000**C, preferably 600**C and 900**C and more 
preferably 700**C and 900°C during the passage of the waste 

30 gas. 

The solids treating .maans and the acidic gas treating 
-meaas are preferably a packed column or a spray column^ on 
tbf€ condition ^that they are adapted to spray water. The 
thermal duoompulSlny m&aas should be adapted to permit JJ*^ 
35 introduction of and/or HjO^^or Hj and/or HjO and Oj^as a 
decomposition assist gas. 

Fig. 1 is a flow&fee€* for the waste gas treatment 



apparatus of the invention. 



for the waste gas treatment 
JPC generally comprises tKe 
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solids treating m oa irs 1, i;Ke Y-alumina packed layer 2, tj*€ , /. 
CV thermal (ifyoT npOcing m e an s 3 , a cleaning water cixfful^ating ft .-/(^ a 
pump 4, acidic g^s treating meafts 5, an. FT IR analyzer 



6. an air elector 7 am 



^ — -ijector 7 and a bypass valve 8. ' 

A waste, gas 9 containing PFCs, oxidizing gases, acidic 



gases and CO is first passed through tro spray column 
(solids treating meaas) 1 so as* to remove Jsiig solids and 
Si compounds. The waste gas is then passed through the 
thermal deeemposiag -iRdans 3^ which, is also supplied with Hj, 
10 Oj and HjO to decompose the PFCs , oxidizing gases and CO 

into acidic gases ^nd CO^^. The acidic gases are removed by 
passage through^Ste-^nSS^ spray column (acidic gas treating 
) 5, from which ppic^ treated gas 10 emerges. 
The air ejector 7 is instal3,e^to control' tj>d' pressure 
15 in each of the treating ^ffiSeSSsPSncixlihe FT-IR analyzer 6 is 
provided to monitor the treated gas . ■ ■ ' 

Spray water 11 is introduced into the acidic gas 
treating ■ moanc 5^ and «ie spent water is forced to the 



and spe 
l ^ i tticuia 1 -With 



25 



solids treating ^fflems- 1 -wii^.. the cleaning wat:er circulating : 
20 pump 4* %fee water is used i*S spraying^^tiieaee and^dis charged 
as wastewater 12 . ji Acf *^ 

The following examples are provided for the purpose of 
further illustrating the present invention but are in no 
way to be taken as limiting. 

Examj^le^l ccv^JuttrJ VJfc^^^\c^ 

>1 quartz column of 25 mmVwas ipacked with v- alumina to 
a height of 100 mm. The y alumina was a commercial product 
of Mizusawa Kagaku K.K. (NEOBEAD GB-08) having a particle 
size of 0.8 mm. The quartz column was installed in a . 
30 ceramic electric furnace and the' alumina layea?: was heated 
at 800**C. 

In addition to CF^ diluted with g^s, and Oj were 
supplied as decomposition assist gases ^^\he amount of 
being such that the number of H atoms was at least equal to , 
35 the number of F atoms in CF^ . and the amount of O2 being at 
least equimolar to the amount of d rircuoJuue d. These 
gases were flowed into the colvimn at a tota^^rate of 408 
seem and their entrance concentrations were (CF^), 3.0% 
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(Hj) and 5.7% (OJ . 

In order to evaluate pie performance of the treatment : 
system, >l{e exit gas was analyzed periodically and 
passage of the CF^ gas was stopped when p*6 removal of CF^ 
5 dropped below 98%. XKfe"^hroughput was determined from the 
amount of CF^ that had been passed through the system. The 
analysis of CF^ and other gases. was conducted with a gas 
chromatographic apparatus equipped with a mass! detector. 
As it turned out, the removal of CF^ dropped to 98% 
10 when its passage continued for 920 min. At this point in 

time, the throughput ais detemined f rom tjve quantity of the 
supplied CF< was 77 L/L. Throughout the- experiment . tUfe 
concentration of CO emission was below pfe tolerable level 
(25 ppm ) . 

15 Comparative Example 1 ■ ; 

An experiment was conducted using the same equipment 

as in Example lytSa^ was packed with the same y-aJ^mlna. in 

the same amount and heated to the : same temper'a'^uark. 

'^otal gas flow rate was 408 seem; feed gas was a 

20 mixture of Nj- diluted CF^ and SiF,; in addition, and 

were supplied as decomposition assist gases, the amount of 

being such that the number of H atoms was at least equal 

to the total number of F atoms in CF; and SiF^^and the 

cimc^unjt of O2 being at least equimolar to the amount of 

troed. These gases were flowed into the column at 

respective concentrations of 0.95% (CFJ, 0.97% (SiF<), 

5.3% (HJ and 6.0% (Oj) . 

As it turned out, t>^removal of CF< dropped below 98% 

when tj;3i€ passage of the CF^/SiF^ gas continued for 510 

30 minutes. At this point in time, j^ae throughput was 40 L/L, 

which was nearly one half the throughput for the case where 

only CF^ gas was supplied. Throughout^t-he- experiment , J*t6 

01 

concentration of CO was below tolerable level. 

Example 2 

35 An experiment ^as conducted using the same equipment 

as in Example l^^%^art was packed with the^ sajme^ ^f^^^J^iS^li'^ 
the same amount and heated tp the same tempera?ur^. ^J^le 
^otal gas flow rate was 408 seem; _5Jft€ feed gas was a 
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mixture of N^- diluted CF^ and F^; in addition, and Oj were 
supplied as decomposition assist gases ^^^^ amount of Hj 
being such that the number of H atoms was at least equal to 
the total number of F atoms in CF^ and Fj^and the aijpugt of 
5 O2 being at least equimolar to the amount of H, crcrea. 
These gases were flowed into the column at respective 
concentrations of 0.92% (CF J, 1.1% (Fj), 5.0% (HJ and 
6.0% (Oj) . 

As it turned out, t)ai€ removal of CF« dropped below 98% 
10 when passage of the CF^/Fj gas continued for 25 hours. 

At this point in time, JfefC throughput was 115 L/L, which 
was 1.51 times higher than the throughput for the case 
where only CF4 gas was supplied. Throughout the experiment,, 
Jb^concentrations of CO and Fj were below tpte tolerable 
15 levels (1 ppm for Fj) , provided that Fj had been decomposed 
into HF. 

Reference Example 1 

An experiment ^as conducted using the same equipment 
as in Example l^Bwrt was packed with the same v-aluit^na in 
20 the same cimount and heated to the same rature. ' Tiwr 

"Cotal gas flow rate was. 408 seem* "Jn. addition to N^-diluted 
CO, Oj was supplied in moles at least equal to the moles 
necessary for CO to be converted COjjJ^i^heir respective 
entrance concentrations were 1.4% (CO) and 5.7% (Oj). 



25 Throughout passage of tKe feed gas for 30 minutes, J;be , 

^ A 

concentration of CO was below^^^ke detection limit (2 ppm)ja^ 
all of CO had been oxidized \^ COj. , 
Comparative Example 2 

An experiment was conducted using the same equipment 
30 as in Example l^^iiMct was packed with the same Y-sp.uml^^in\^, ^ 
the same amount and heated to the seune temper S^uret **JSh!e*^^^ 
total gas flow rate was 408 sccrn* in addition to N,- diluted . 



CO, HjO was supplied at a rate of 0.090 mL/min^which was 22 
times as much as COi^*tbe entrance concentration of Co' was 
35 1.3%. 



^ As it turned out, 1000 ppm of CO leaked as a result 
of ^15-fftiH passage of ^hre feed gas. Obviously, JUre ^ 
concentration of CO could not be reduced to below '^Ke 
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tolerable level (25 ppm) by the sole addition of H2O. 
Refer-ftnce Ryampi ft 9 

An experiment^ was conducted, using the same equipment 
as in Example l^^&at was packed with the ^^■^^^'"W-'^L^ 
5 the same amount and heated to the same ,tempera^S&. 

'^otal gas flow rate was 408 seem* In. addition to I^- diluted 
CO, HjO was supplied at a rate of 0.090 mL/min^ which was 18 
times as much as CO ^ and 63 was supplied in moles at least 
equal to the moles necessary for CO to be converted*^ CO^t 
10 the trance concentrations of CO and Oj were 1.5% and 
3.4%, respectively. i 

As it turned out, yae concentration of CO had been 
reduced to below t>^ detection limit (2 ppm) after tjx^ 
passage of yete feed gas for 3 hours. Obviously, CO was 
15 oxidized to COj by addition of Oj. 
Example 3 

An experiment was conducted using the same equipment 
as in Example ^^tt^t^was packed with the same y- alumina in 
the s^e amount^p^d TTeated to 700^*0 . -The^otal gas flow 

20 rate was 408 seem* In addition to Na-diluted CF^, H^O was 
supplied at a rate of 0.040 mL/min^ which was 14 times as 
much as CF^^and Oj was supplied in moles at least equal to 
the moles necessary for. the C atom in CF. to be converted 
po CO2B ^fefee Yaitrance concentrations, of CF4 and Oj were 0.89%; 

25 and 3.0%, respectively. 

'-As it turned out, tj*^ removal of CF^ dropped below 98% 
' when y*e^ passage of feed gas continued for, 23 hours. 

At this point in time, tper throughput was 110 L/L, which 
was 1.4 times higher than the throughput of CF^ treatment 

30 in the presence of added and O2. Throughout, the 

experiment, p*6 concentration of CO was below tj^ tolerable 
level. 

Comparative Exa mple 3 ^ 

In order to evaluate ^X)^ effectiveness of tbe wet 
35 process in treating oxidizing gases and acidic gases, a 
water cleaning column (210 mm* x 430 mm" with a Raschig 
ring packed to a height of 170 mm) was supplied with a 
waste gas at a total rate of 60 L/min ancf^spray water at a . 
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rate of 3.5 L/mln. The waste gas was prepared from F^, 
SIF^ and Clj^ which had entrance concentrations of 1100 ppm, 
1600 ppm and 5100 ppm, respectively. At -^fe exit of the 
column, Fj, SIF^ and Cla were detected at concentrations of 
5 11 ppm, < 1 ppm, and 3300 ppm, respectively. Obviously, 
S1F< was effectively treated but F^ and CI2 leaked out. 
FixaTTipTft 4 

A water cleaning column (210 mm* x 430 mm" with a 
Raschlg ring packed to a height of 170 mm) waS' used as a 

iO solids ^treating fitea&s. This column was combined with a 

thermal dooompoo - l - ng - moano comprising a preheating chamber 
and a catalyst packed chamber^ and an acidic gas treating 
^ means which was the same as the water cleanlhg column. 
-^TB Belt gas leaving the acidic gas. treating mcanc was 

15 monitored with an FT-IR analyzer (Infinity 6000 of MATTSON). 
and pressure in the experimental system was controlled 

with an a^^r^^e jector of Daito Seisakusho K.K. :_>TAe solids 
treating i^«h^s and the acidic gas treating nSI^^ were 
supplied with cleaning water at respective flow rates of 

20 2 L/min and 4 L/min. The thermaX^eteSSf^S^ftg^S^^ was 

supplied with air and pure water at respective- flow rates 
of 10 L/mln and. 2. 4 mL/mln. O^Kfe catalyst was 15 L of 
Y-alumina (NEOBEAD GB-08 of Mizusawa Kagaku K.K. ) 

A gas dryer (MD-70-72P of PERMAPUR) was installed 

25 ahead of the FT-IR analyzer for removing itee moisture in 

the waste gas. Air was supplied into air ejector at a 

rate of 30 L/mln so that t^ pressure in the system was 
kept at a negative value of -0.5 kPa. A waste gas was 
introduced at a flow rate of 60 L/min^and it was prepared 

30 from a base containing CF^, SIF^, F^ and CO ,at respective '■ 
concentrations of 0.5%, 0.3%, 0.3% and 0.3%, The waste gas 
was first passed through. .Uie solids tregti^n^^^sS^^ , then 
passed through the the rma x ^ooiSn^So?^ g 

presence of added water and Oj, with the catalyst teetl being 

35 heated at 700*'C. The waste gas was subsequently passed 

through the acidic gas treating rS^^v and th< treated gas 

?>•; ' ^ 

was continuously analyzed by 'FT-IR. After tHfe passage of 

the waste gas for 10 hours, CO2 was detected in an amount 



# # 
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Of 6900 ppm^but each of CF^, SiF^, HF and CO had been 
treated to below 1 ppm. . No was detected by ion 
chromatographic analysis. 
Example 5 

5 A waste gas treatment was conducted with the same 

experimental setup under the same conditions as in Example 
4, except that CF^ was replaced. by CjF^^and that pr(e waste 
gas was prepared from a base containing CjFe, SiF<, and 
CO at respective concentrations of 0.5%, 0.3%, 0.3% and 
10 0.3%. The waste gas was passed. through the solids treating 
'^S^^G, thB thermal decomposing, niean^ and the acidic gas 
treating moanc . 

^^^^ 'fflre'Xreated gas emerging from the acidic gas treating 
mea gs was continuously analyzed by FT-IR. After Jttoer 
15 passage of the waste gas for 10 hours, COj was detected in 

an amount of 11000 ppm^but each of CzFg, . SiF^,, HF and CO had ■ 
been treated to below 1 ppm. No Fj was detected by ion 
chromatographic analysis,' 
^ According to the invention, harmful waste gases.^from 
semiconductor fabrication process ^that contain PFCs, 
oxidizing gases, acidic gases and CO^and which are a 
potential accelerator of global warming^can be treated in 
such a way that high percent decomposition is maintained 
for a prolonged time. 
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' liCTlIOD AMD APPARATUS FOR IKHiATXNG A WA&TK OAS - 
GOMTAINING FLUORINB - COMTAIMING 00!IPOXJ!roa 



ABSTRACT bp THE DISCLOSURE 

1mr<rnvpri apparatus for treatment of a waste gas>^ 



5 containlng^^li^rlne- containing compounds ^comprlses^ so lids 
treating moano 1 for separating tto^ solids from sl waste gas 
oontainlng riuujLliie"uuuLdXlll!iy ijOhiiJUUliiis '; ^addition j»©a»s 
for adding Hj and/or H20^or and/or HjO and Oj^as a 
decomposition assist gas to the waste gas leaving the solids 
10 treating^aeanc , ^thermal' de e omp ei slug iiiumij "' 0 that is packed 
with Y- alumina ^heated at 600 - 900**Cjand which thermally 
decomposes the waste^gas to which the de^j^p^ition assist 
gas has been added acidic gas treating - mcQiij D for removing 



acidic gases^from the thermally decomposed waste gasT and 
channels for connecting these ihujuiij. in sequenceL. The 
apparatus i^i^ferably includes^ aJj: ejectoryir capable of 
adjusting internal pressur^' "*"'^^ ^ff*"<**>^ ; 



